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. The substance was found to cause adrenal cortex necrosis. Mitotane inhibits intramitochondrial conversion of cholesterol to pregnenolone and 11-deoxycortisol to cortisol. It also interferes with extra-adrenal metabolism of cortisol in that it inhibits the conversion of cortisol into tetrahydrometabolites (Kreeze 1992) . Mitotane in small amount causes necrosis of zona fasciculata and zona reticularis, higher and prolonged dosage can impair also zona glomerulosa (Rijnberk and Belshaw 1992) . This effect is employed in two basic therapeutic protocols: the method of selective and nonselective adrenocorticolysis.
The aim of this work was to evaluate the reactivity of patients with pituitary-dependent hyperadrenocorticism to mitotane treatment during the initial phase of therapy by using the method of selective adrenocorticolysis. Initial cortisol production and its changes during therapy were monitored by determination of immunoreactive cortisol in urine. Dependence between length of initial treatment and initial value of urine cortisol/creatinine ratio (UCCR) was studied. Other indirect indices of cortisol production (clinical and laboratory signs) are mentioned only before treatment because they were not used for monitoring of changes in cortisol production during therapy.
Materials and Methods
The studied group consisted of 14 patients, seven females and seven males, with pituitary-dependent hyperadrenocorticism. They exhibited typical clinical and laboratory signs of the disease. The diagnosis and subsequently form of disease were determined on the basis of positive result of the dynamic functional test. No patients with concurrent diabetes mellitus were included.
Full history was taken in each patient with the relevant clinical signs. History questions were especially aimed at water intake and urine excretion, appetite, physical activity of the animal, haircoat changes and their duration, female sexual cycle, libido of males as well as possible changes in the size of testicles. The score system was employed to characterise the clinical signs in greater detail.
Haematological and serum biochemistry tests, urinalysis including urinary sediment, radiography and ultrasound examination were performed. Bacterial culture of urine was carried out only in cases with active urine sediment.
Standard May-Grünwald, Giemsa-Romanovsky staining was used for the differential blood count, the analyser Cobas Mira S was employed for biochemistry testing. Thyroxine was detected by the chemiluminiscence immunoanalysis using the Immulite test system. Mineral levels were determined by spectrophotometer ATOMSPEK (type Hilger 939).
Specific diagnosis was based on the determination of immunoreactive cortisol in urine. Two samples of morning urine taken from each animal were immediately frozen at -20 0 C. The initial urine cortisol/creatinine (C/C) ratio was measured in each sample. In order to differentiate between the pituitary-dependent and adrenal-dependent form of the disease, high-dose dexamethasone suppression test was performed. The patients were given dexamethasone at a dose of 0.1 mg/kg b. w. p.o. three times daily (7, 15, and 23 h) from the second day onwards. The last sample of urine was taken in the morning of day 3 to evaluate the suppression rate of C/C in relationship to the initial ratio. Immunoreactive cortisol in urine was determined by fluorescence polarisation immunoassay (FPIA) with urine extraction. Dichlormethan was employed for urine extraction. The sets of Abbott Company (for TDx system, No 9116) were used. The lowest detectable amount of cortisol in urine (sensitivity of the used technique) was 17 nmol/l. Cross-reactivity (specificity of the method) with the other endogenous and exogenous corticosteroids was as follows: prednisolone 35%, 11-deoxycortisol 8.5%, corticosterone 6.3%, 6-methylprednisolone 2.9%, cortisone 2.5%, tetrahydrocortisol 1.4%, 11-deoxycorticosterone 1.1%, prednisone 0.7%, 6-hydroxycortisol 0.7%, dexamethasone 0.4%, 17-hydroxyprogesterone 0.4%. Cross-reactivity with other endogenous and exogenous corticosteroids was lower than 0.1%. The criteria worked out by R i j n b e r k and B e l s h a w (1988) were used for evaluation of the dynamic functional tests.
The patients were treated with mitotane. The therapeutic protocol of selective adrenocorticolysis was used. Mitotane was given at 25 mg/kg b.w. daily during the initial phase of treatment. Length of the initial phase of therapy was determined individually based on monitoring of changes in cortisol production. The changes of cortisol production were quantified by UCCR. This ratio was recorded every 2-5 days of therapy until it dropped to its normal range, i.e. below 10 × 10 -6 . Mitotane was given once per week during the consecutive maintenance phase of therapy. Dosage of mitotane during maintenance phase of treatment was again determined individually on the basis of cortisol production changes (UCCR). During the maintenance phase of therapy the UCCR was monitored every four months.
Regression and correlation analyses were employed to evaluate whether linear dependence exists between the length of the initial phase of therapy and the initial value of the UCCR.
Results
The age of examined patients ranged from 5 to 12 years (average 9.21 ± 2.00). Mean weight of the patients was 12.6 ± 2.4 kg. Breeds were represented as follows: 4 dachshunds, 3 poodles, 2 schnauzers, 1 springer spaniel, spitz, Shetland sheepdog, German pinscher, and boxer. The occurrence and intensity of individual clinical symptoms are shown in Table 1 . The haematological profile demonstrated leukocytosis in four patients (28.5%), neutrophilia in 12 patients (85.7%), eosinopenia in 13 patients (92.8%) significant lymphopenia in 8 dogs (57.0%), monocytosis in one case (7.1%). Changes in biochemical profile are shown in Table 2 . The results of urinalysis revealed isosthenuria in six patients (42.8%), hyposthenuria in four patients (28.5%), and in three cases (21.4%) the specific gravity of the urine ranged from 1,012 to 1,020, and one dog (7.1%) had hypersthenuria. Proteinuria was found in eight dogs (57.1%); no glycosuria was recorded. Active urine sediment was found in three cases (21.4%). Subsequent bacterial culture of the urine was negative in one case and positive for Escherichia coli in two cases. Radiographs confirmed hepatomegaly in 13 dogs (92.8%), uroliths in 3 cases (21.4%), and bronchial calcification in 1 case (7.1%). Ultrasonography revealed bilaterally enlarged adrenal glands (from 1.5 to 3 cm) in 9 patients (64.2%), in 3 cases (21.4%) only enlarged left adrenal gland was visualised, and in one case (7.1%) we were not able to find the adrenal glands. In order to confirm diagnosis, the initial UCCR was measured in two morning samples. The mean value of UCCR fluctuated between 58-586 × 10 -6 (Table 3 ). The mean value of UCCR was 199.2 ± 176.7 × 10 -6 , the median of UCCR was 138.2 × 10 -6 . In order to differentiate between the pituitary-dependent and adrenal-dependent form of the disease, the UCCR was recorded after the administration of high dose of dexamethasone; in all cases the UCCR was suppressed by more than 50% in comparison with the initial values.
The therapeutic protocol of selective adrenocorticolysis was employed in all patients. The patients were monitored every 2-5 days during the initial phase of therapy till the UCCR declined below the limit of reference range. The results obtained during the initial phase of therapy are shown in Table 3 , 4, 5 and Fig. 1 and 2 . Three patients (21.4%) suffered from anorexia and mild weakness during mitotane treatment but recovered after withdrawal of the drug for several days, and therapy could continue. The substitution therapy with glucocorticoids and mineralocorticoids was never necessary. The median of length of the initial therapy was 14.5 day. The mean length of the initial therapy was 17 ± 13 days. The cumulative induction dose of mitotane ranged from 250 to 1600 mg/kg b.w. The regression and correlation analyses were used to determine linear dependence between the length of the initial phase of therapy and the level of the initial UCCR. The correlation coefficient 0.54 was not statistically significant. The coefficient of determination was 0.08, the test criterion F (1.06) was compared with the quantiles of Snedecor's distribution. We found that the regression function was not significant. There was no linear dependence between both studied parameters.
Weekly dosage of mitotane ranged from 25 to 100 mg/kg b. w. during the maintenance phase of therapy and was individually determined in each patient by means of the UCCR monitoring. The patients were and still are being monitored during the maintenance phase of therapy every four months.
Relapses were recorded in three cases (21.4%) (up to one year from the onset of therapy). Neither clinical signs nor laboratory symptoms indicated deficit of glucocorticoids and mineralocorticoids in any patient during the maintenance phase of treatment. No symptoms of intolerance to mitotane therapy were ascertained. The aim of the present work was not to evaluate the outcome of the maintenance phase of treatment, and therefore the results are not summarised in detail. Some patients cannot be evaluated because only a short time interval has elapsed from the onset of therapy. 
Discussion
There are two therapeutic protocols of conservative mitotane therapy: method of nonselective and method of selective adrenocorticolysis. The second method has two phases: initial and maintenance. The aim of initial phase is to decrease cortisol production into reference range, the aim of maintenance phase is to keep it within reference range. The initial daily induction dose of mitotane 25-50 mg/kg causes destruction of zona fasciculata and zona reticularis while zona glomerulosa usually remains unaffected. However, in some patients the destruction of zona glomerulosa can occur at this dosage as well as the iatrogenic Addison's disease can be triggered (Schechter et al. 1973; Feldman et al. 1992 ). The patient is monitored by ACTH stimulation test or UCCR during therapy in order to prevent the unexpected induction of hypoadrenocorticism (Feldman 1996; Rijnberk 1996) . The other treatment protocol is the method of non-selective adrenocorticolysis to initiate Addison's disease. This treatment protocol was worked out by Rijnberk and Belshaw (1988) . Mitotane is continued at a maintenance dose of 50-75 mg/kg b. w. daily (in toy breeds up to 100 mg/kg b.w. daily) for 25 consecutive days. Since the objective of this protocol is to induce hypoadrenocorticism, the patient is given glucocorticoids and mineralocorticoids from the third day of therapy. The substitution therapy is life-long; its interruption can cause exitus.
Monitoring of this treatment protocol is less laborious than during the selective adrenocorticolysis. The UCCR is measured only before the onset of therapy and one month after cessation of treatment. Continuous monitoring in stabilised patient is recommended in both treatment protocols every four months of therapy. Rijnberk and Belshaw (1992) reported up to 33% recurrence rate within one year when using the method of non-selective adrenocorticolysis mentioned above, ACTH stimulation test or UCCR can be used for evaluation of changes in cortisol production during mitotane therapy. Other indirect indices of cortisol production (rate of PU/PD, polyphagia, evaluation of changes in haematological and biochemical profile) are inaccurate and therefore associated with high risk when establishing the length of initial phase of therapy (Feldman 1996) . Only pre-treatment clinical and laboratory signs are therefore mentioned in the present work. The immunoreactive cortisol measurement in urine was used as well as UCCR for direct quantification of changes in cortisol production during therapy. Therapy with mitotane can be summarised as follows: The duration of the initial therapy ranged from 10 to 64 days. The mean length of initial therapy (dose of mitotane 25 mg/kg b.w.) was 17 ± 13 days, the median of the length of initial phase of therapy was 14.5 day. By Kintzer and Peterson (1991) the mean length of initial therapy during mitotane treatment at a dosage of 50 mg/kg b. w. daily was nine days, with the possible fluctuation from 5 to 60 days. Ferguson et al. (1992) reported the mean length of initial therapy during the same dosage of mitotane 14 days with the possible fluctuation from 2 to 35 days. The cumulative induction dose of mitotane ranged between 250 and 1600 mg/kg b. w. Kintzer and Peterson (1994) reported the mean induction dose of mitotane in patients with the pituitary-dependent hyperadrenocorticism 400-500 mg/kg b. w., while in patients with adrenocortical tumour the induction dosages are approximately ten times higher. Further goal of this work was to find if linear dependence exists between the length of initial therapy and the level of the initial UCCR. We have found no linear dependence between both parameters. The obtained results documented the strongly individual reaction of patients during mitotane therapy which is to a great extent unpredictable. There is a need of an individual approach in each patient, because there is no generally applicable scheme of the length of initial therapy that could be employed on the basis of the knowledge of initial cortisol production. Using the selective adrenocorticolysis, frequent and expensive monitoring is necessary for the desired effect of therapy as well as for reduction of the risk of iatrogenic hypoadrenocorticism. Hodnocení odpovídavosti psÛ s centrálním hyperadrenokorticizmem na léãbu mitotanem, sledování úvodní fáze terapie ve vztahu k iniciální hodnotû pomûru kortizol/kreatinin v moãi Hlavním cílem práce bylo hodnocení odpovídavosti psÛ s centrálním hyperadrenokorticizmem na léãbu mitotanem. Byl sledován vztah mezi délkou úvodní fáze terapie a hodnotou iniciálního pomûru kortizol/kreatinin (C/C) v moãi. K léãbû bylo pfiistoupeno celkem u 14 psÛ s centrálním hyperadrenokorticizmem. Byl zvolen terapeutick˘ protokol parciální destrukce kÛry nadledvin. Mitotan byl v prÛbûhu úvodní fáze léãby podáván v dávce 25 mg/kg Ï.hm./d. Délka iniciální fáze terapie byla urãována u kaÏdého pacienta individuálnû a to na základû zmûn v produkci kortizolu, které byly monitorovány stanovováním imunoreaktivního kortizolu v moãi (pomûru C/C) kaÏd˘ch 2 -5 dní úvodní fáze léãby. K rozli‰ení centrální a periferní formy onemocnûní byl uÏit supresní test s vysokou dávkou dexametazonu, byl stanovován pomûr C/C po supresi dexametazonem. V˘‰e iniciálního pomûru C/C se v souboru pacientÛ pohybovala v rozmezí 58 -586 × 10 -6 , medián pomûru byl 138 x 10 -6 . Celková délka úvodní fáze léãby se pohybovala v rozmezí 10 -64 dní. PrÛmûrná délka iniciální terapie byla 17 dní, medián byl 14,5 dne. Celková indukãní dávka mitotanu byla v rozmezí 250 -1600 mg/kg Ï.hm. S vyuÏitím regresní a korelaãní anal˘zy bylo sledováno, zda existuje lineární závislost mezi délkou iniciální fáze terapie a hodnotou pomûru C/C pfied zahájením léãby. Bylo zji‰tûno, Ïe oba uvedené parametry na sobû nejsou lineárnû závislé.
